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Abstract 
The present study aims to test he hypothesis that artificial structures, 
the riverward ends of groynes or groyne-heads, function as potential 
habitats for young rheophilic fish. The investigation was undertaken 
in summer 1998 on the River Oder, in the Polish-German National 
Park 'Lower Oder Valley', eastern Germany. Fish were caught on 
groyne-heads u ing point abundance sampling by electrofishing and 
compared with specimens collected by the same method in seven ad- 
ditional mesohabitats (navigable side-canal, sandy river bank, riprap, 
deep groyne, sandy groyne, connected backwater, polder water- 
body). Groyne-heads were inhabited by bottom-oriented 0+ 
rheophilic stone loach Barbatula barbatula (L.) and burbot Lota lota 
(L.), whereas 0+ rheophilic yprinid fish were more abundant in 
shallow-sloped, sandy shoreline mesohabitats. Ofall sites investigat- 
ed, 1+ juveniles were most abundant on groyne-heads, in which the 
rheophilic group formed a large proportion of the total catch. From 
our results we conclude that groyne-heads constitute an important 
habitat for both 0+ and 1+ juvenile rheophilic fish during summer- 
time, but that its use is limited by the stochastic availability due to 
varying discharges. 
Introduction 
Water pollution, agriculture and centuries of river engineer- 
ing have affected most European streams badly (SWALES 
1994). One of the most severe anthropogenic effects on river 
systems is the modification of natural flow (WARD & STAND- 
FORD 1983) and the resulting degradation of habitat (BAIN et 
al. 1988; BOON 1992). In the 20 th century, the boom in the 
straightening of rivers has resulted in substantial losses of 
riverine species (PETTS 1989) and has had in many cases dev- 
astating consequences for the fish fauna (see LELEK 1980; 
WELCOMME 1985; SCH1EMER & WAIDBACHER 1992). The eco- 
logical situation of the River Oder, one of the largest rivers in 
Central Europe, is no exception: between 1892 and 1931, the 
canalisation of the Lower Oder and the building of dikes pro- 
gressed rapidly (HERNANN 1930; KIESERITZKY 1938). Dredg- 
ing and the construction of groynes have deepened the river's 
main channel and left few natural river banks intact. Hence, 
compared with historical records (VoN DEM BORNE 1882; 
SELIGO 1926), five out of originally 39 native fish species of 
the Lower Oder have become xtinct or are missing and four 
other species have experienced considerable demographic 
decline over the past decades (WOLrER et al. 1999). Despite 
these limitations and not least due to decades of an isolated 
borderline situation between Poland and Germany, some of 
the dynamic haracters of a floodplain ecosystem have been 
maintained in the Lower Oder Valley which make it suitable 
for thorough investigations (DoHLE 1999). Thus, a Polish- 
German National Park was founded in 1993 and a number of 
accompanying investigations were conducted in this, to date, 
poorly studied area by both Polish and German scientists 
(DONEE et al. 1999). However, studies on 0+ and older juve- 
nile fish were not included in the various research projects. 
This is surprising because over the last 15 years, these life 
stages have turned out to be valuable indicators for the eco- 
logical integrity of large rivers (SCnLOSSER 1985; SCHIEMER 
~1; SPINDLER 1989; SCHmM~R et al. 1991). To address the 
dearth of knowledge on 0+ fish in this National Park, an in- 
vestigation was initiated in 1997. First results of our research 
in various mesohabitats of the River Oder corroborated find- 
ings on adult fish (TRZEBIATOWSKI 1999; WOLTER et al, 1999): 
due to the structural poverty of the river margin at least on the 
German side, the 0+ fish community was dominated by a few 
eurytopic species (BIsCnOFF & WOLTER 1998, 2001), a phe- 
nomenon commonly reported from regulated lowland rivers 
(CopP 1992a; STAAS & NEUMANN 1996). The progeny of 
rheophilic species, which in former times represented an im- 
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portant part of the local fish assemblages of the Lower Oder 
(voy DZM BORNE 1882; SEHGO 1926), were restricted to more 
structurally complex groynes characterised by sandy sub- 
strates, a relatively gentle slope and a broader gradient of cur- 
rent velocities (BlsCHOFF & WOLTER 2001). Several studies 
highlighted the importance of these habitat characteristics for 
rheophilic 0+ fish (e.g. CoPP et al. 1994; BARAS et al. 1995; 
WINTERSB~RGER 1996). Moreover, some rheophilic yprinids 
are known to undertake migrations (CoPP ~% CELLOT 1988) or 
to exhibit several habitat shifts during their early develop- 
ment (SCHmMER & SPINDLER 1989; WINTERSBERGER 1996; 
BARAS & NINDABA 1999; BlSCHOFF & FPd~YHOF 1999). Struc- 
turally more diverse groynes form only a very small propor- 
tion of the shoreline in the study area, thus, a subsequent hy- 
pothesis-testing investigation was directed: the underlying 
question is whether, out of a variety of degraded channel mar- 
gin habitats, juvenile rheophilic fish are capable of colonising 
alternative structures characterised by shallow water and 
moderate to high current velocities. As in the Lower Oder 
such areas only exist at the riverward ends of groynes 
(termed 'groyne-heads'), this paper aims to test the hypothe- 
sis that the latter may function as substitute habitats for the 
progeny of typical stream-dwelling species. 
Material and Methods 
691 gS - cm -l, average water temperature near the shoreline was 
22.7 °C. The predominant part of the shoreline is regulated and fixed 
with basaltic rocks or structured by groynes. 
Sampling and calculations 
In 1998, field sampling was carried out on 14 th of July on 36 river- 
ward ends of groynes and on 28 th of July in seven additional pre-de- 
fined types of mesohabitat: navigable side-canal SC, sandy river 
bank SR, riprap RR, polder waterbody PW (waterbody in a gate- 
equipped levee district of the floodplain), deep groyne DG, sandy 
groyne SG and connected backwater CB (Fig. 1, Table 1). Based on 
the results of previous investigations (BIscHOFF & WOLTER, in prep.), 
we conclude that from mid-July onwards no substantial habitat shifts 
of juvenile fish took place in the study area, so that a comparison of 
both sampling dates (14 th and 28 th of July) is acceptable. To sample 
juvenile fish, a DEKA 3000 portable lectrofishing unit with a ring- 
anode of 17 cm diameter was used. On each groyne-head, the activa- 
Schwedt 
Skm 700 
Study location 
The study area is situated in the north-eastern lowlands of Germany 
at the River Oder. The River Oder rises in the Moravian Mountains 
(Czech Republic) at 634 m a.s.1, and flows to the Baltic Sea after a 
length of 854 km. The catchment area is 118861 km -~ (Lan- 
desumwettamt Brandenburg 1998), of which approximately 89% is 
located in Poland, 6% in the Czech Republic and less than 5% in the 
Federal Republic of Germany. Downstream of stream kilometre 
(Skm) 281.6, the River Oder has no water retention structures. The 
mean slope is 0.7%0, downstream of the confluence of the River 
Wartha and the River Oder 0.01%o (Kostrzyn, Skin 614.9). The mean 
discharge downstream of Kostrzyn between 1951 and 1996 was 
520 m 3 • s -1 (water level gauge Hohensaaten-Finow, Skm 664.9) 
(Landesumweltamt Brandenburg 1997). Mean current velocity 
(whole channel profile, Vm) of the stretch between Eisenhtittenstadt 
(Skin 554.1) and Hohensaaten-Finow varies between 0.8 and 1.1 m. 
s -1 at mean water levels (Landesumweltamt Brandenburg 1998). The 
mean grain diameter (ds0) of the soil material of the Lower Oder is 
0.32 ram, thus a large proportion of the material is being transformed 
into suspended particulate matter. The water quality of the River 
Oder is characterised ascritically polluted (Landesumweltamt Bran- 
denburg 1997). 
The present investigations were carried out in the Lower Oder 
Valley (stretch between Hohensaaten and the Szczecin Lagoon) in 
the Polish-German National Park near Schwedt (Skm 697.0, Fig. 1). 
Mean width of the River Oder in the study area is 200 m. Mean 
daily values of discharge in summer 1998 were 356 m 3 . s -1 in June, 
347 m 3. s 1 in July, 324 m 3 • s I in August and 364 m 3 • s J in Septem- 
ber. Mean conductivity in all mesohabitats sampled in July 1998 was 
Germany 
Criewen 
Krainik Dolny 
Stolpe 
Stfitzkow 
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Lu no~_jxl~i~ ~ I~,CB / River section 
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10 km 
I 
(a) 
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---, -~  'Groyne-head' GH 
Direction of flow ~ (b) 
Fig. 1. Location of the different mesobabitats investigated in the 
Lower Oder in July 1998 (SC = navigable side-canal, SR = sandy 
river bank, RR = riprap, PW = polder waterbody, DG = deep groyne, 
SG = sandy groyne, CB = connected backwater; Skin = stream kilo- 
metre) (a) and diagram of a "groyne-head' GH (b). 
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ted electrode (pulsed DC, 600 V) was swiftly immersed in the water at 
the sampling point and, thereafter, the immobilised fish drifting with 
the current were collected with a separate dip net. Care was taken to 
gather all stunned fish that did not drift in the dip net: a second opera- 
tor provided an additional dip net set downstream of the sampling 
point• Due to the confined area of the end of each groyne, only one 
sample was taken per groyne-head. The surface of the sampled area 
was approximately 0.5 m 2. Samples in the other mesohabitats were 
taken using the same electrofishing ear at points selected in a 
random-stratified manner (see CoPP ~: PENAZ 1988; CoPP 1989; 
BlSCI¢O~ & WOLTER 2001)• Each s~mpling point was approached 
carefully to reduce disturbance toa minimum. Distance between sam- 
pling points was at least 2 m to avoid bias. The depth of the dip net's 
sweep was adjusted so that it just reached the bottom• The net and the 
anode were then both lifted straight out of the water• The net was 
raised as slowly as possible to avoid back-wash of specimen out of the 
net. Considering the results of previous investigations (REYNOLDS 
1983; CoPP ~¢ PENAZ 1988; COPP & GARNER 1995), sampling was 
limited to 1.0-1.2 m water depth. 
Fish were collected at 50 points within each mesohabitat (CYR 
et al. 1992; GARNER 1997), with the exception of the sandy river 
bank (DR) where the confined area of the sampling site only allowed 
the collection of 17 samples. At each fishing point, a set of environ- 
mental variables was recorded using quantitative (water depth, dis- 
tance from bank) and qualitative (substratum, plant cover and current 
velocity) modalities. Measurements of temperature, oxygen, conduc- 
tivity, pH (probe: WTW Multi Line P4, 0.1°C, 0.01 nag. 1-1, 1 gS • 
cm -1, pH 0.01 accuracy) and current velocity (H6ntzsch digital 
anemometer, 0.01 m • s -~ accuracy) were performed quantitatively at
various areas of the mesohabitat. All fish were caught during daytime 
between 10:00 and 18:00 hours. Weather conditions during sampling 
were sunny to slightly overcast. The captured fish were either re- 
turned immediately tothe water after measuring total ength (TL - tip 
of the snout o the end of the lower lobe of the caudal fin, mm below), 
or anaesthetised with chlorobutanol and fixed in 5% buffered 
formaldehyde. In the laboratory, fish were identified (KoBLICKAYA 
1981) and total length was measured• All fish were assigned to three 
ecological groups (rheophilic: all or some stages of life history con- 
fined to the main river; eurytopic: no preferences regarding flow con- 
ditions; limnophilic: preferring still water environments) according 
to SCHIEMER (~; WAIDBACHER (1992). 
Regarding the greater mobility of larger 0+ and 1+ juveniles, it is 
problematic to relate the catch to the size of the sampled area (FREY- 
HOF 1998). Fish behaviour (e.g. shoaling, hiding) also contributes to 
this problem. Accordingly, catch data on both groups of juvenile fish 
are reported as 'apparent abundance' (KREBS 1989) and are therefore 
presented as number of fishes per sampling point (_catch per unit effort, 
CPUE). Differences between mesohabitats in the number of 0+ and 1 + 
individuals per fishing point, respectively, were identified by analysis 
of variance (1-way ANOVA). Comparisons included first, the total 
catch and second, the rheophilic group. Prior to the analysis, catch 
data were log-transformed using the equation x' = log (x+ 1) according 
to BARTLETT (1947). Analysis of variance was followed by the 
Dunnett-T3 multiple comparison test, which is recommended in case 
of heteroscedasticity. 
Since it is known that larger body size facilitates the access to and 
the exploitation of faster flowing sites by young fish (BARAS & NIND- 
ABA 1999; BISCHOFF & FREYHOF 1999), the hypotheses was tested 
whether juveniles sampled on groyne-heads (GH, offshore) were 
larger than those captured in more sheltered shoreline-mesohabitats. 
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Table 2. Catch per unit effort of 0+ juveniles in different mesohabitats of the Lower Oder in July 1998 ~) (abbreviations of mesohabitats a in 
Fig. 1). 
Mesohabitat GH RR SG SR DG SC CB PW 
No. of sampling points 36 50 50 17 50 50 50 50 
Species 
Rheophilic 2) 
Aspius aspius 0 0 0 0.06 + 0.24 0 0 0 0 
Barbatula barbatuIa 0.11 + 0.32 0 0 0 0 0 0 0 
Cob#is taenia 0 0 0.06 + 0.24 0 0 0 0 0 
Gobio spp. 3) 0 0 0.14 .+ 0.50 0.06 _+ 0.24 0 0.04 + 0.28 0.04 _+ 0.28 0 
Leuciscus cephalus 0.03 + 0.17 0.02 +_ 0.14 0.12 _+ 0.39 0.12 -+ 0.33 0.02 -+ 0.14 0 0 0 
Leuciscus idus 0.03 _+ 0.17 0.02 .+ 0.14 0.62 _+ 1.81 0.24 + 0.66 0 0.02 .+ 0.14 0 0 
Leuciscus leuciscus 0 0 0.12_+ 0.44 0.18 _+ 0.73 0 0 0 0 
Lotalota 0.33 +0.59 0 0 0 0 0 0 0 
Total 0.50_+ 0.74 0.04_+ 0.28 1.06 + 2.13 0.65 + 1.22 0.02.+ 0,14 0.06_+ 0.31 0.04.+ 0.28 0 
Eurytopic 2) 
Alburnus aIburnus 0 0 0.62 _+ 2.50 0.06 _+ 0.24 0 0.76 _+ 3.22 0 0 
Abramis brama 0 0 0 0 0 0.92 _+ 0.14 0 0 
Percafluviatilis 0 0.08 _+ 0.27 0.04 _+ 0.20 0.06 _+ 0.24 0.68 + 1.41 0.08 _+ 0.34 0.08 .+ 0.27 0.38 _+ 0.97 
Rutilus rutilus 0 0.08 _+ 0.34 0.16 _+ 0.42 0.18 _+ 0.73 0.14 _+ 0.64 0.28 _+ 0.95 0.04 + 0.20 1.22 + 3.36 
Total 0 0.16 + 0.47 0.82 _+ 2.72 0.29 _+ 0.99 0.82 _+ 1.53 1.14 + 3.39 0.12 _+ 0.39 1.60 + 3.79 
Total 0+ 0.50 ~- 0.74 0.20 _+ 0.53 1.88 .+ 3.60 0.94 _+ 1.43 0.84 _+ 1.54 1.20 _+ 3.40 0.16 _+ 0.47 1.60 _+ 3.79 
1) Values are means .+ SD. 
2) Classification of ecological groups according to SCIqIEMER & WAIDBACHER (1992). 
3) Specimens <60 mm TL cannot be differentiated (WANZENBOCK et al. 1989) and are therefore presented as Gobio spp. 
Table 3. Catch per unit effort of 1+ juveniles in different mesohabitats of the Lower Oder in July 1998 l) (abbreviations of mesohabitats a in 
Fig. 1). 
Mesohabitat GH RR SG SR DG SC CB PW 
No. of sampling points 36 50 50 17 50 50 50 50 
Species 
Rheophilic 2) 
Cobitis taenia 0.03 _+ 0.17 0 0 0 0 0.02 _+ 0.14 0 0 
Gobio gobio 0.06 -+ 0.23 0 0 0 0 0 0 0 
Leuciscus cephalus 2.75 _ 5.19 0.22 _+ 0.74 0.14 _+ 0.64 0.29 _+ 0.85 0.04 _+ 0.20 0.02 _+ 0.14 0 0.20 _+ 0.20 
Leuciscus idus 0.50 -+ 1.03 0.24 -+ 0.74 0.18 -+ 0.44 0.18 -+ 0,39 0.40 -+ 0.95 0 0.06 -+ 0.24 0.14 _+ 0.50 
Leuciscusleuciscus 0.97_+ 1.75 0 0 0 0 0 0 0 
Lota Iota 0.08_+ 0.28 0 0 0 0 0 0 0 
Total 4.39_+ 6.83 0.46 _+ 1.28 0.32 +_ 0.82 0,47 _+ 1.01 0.44 + 1.09 0.04 + 1.20 0.06.+ 0.24 0.34.+ 1.26 
Eurytopic 2) 
Alburnus alburnus 0.17 .+ 0.56 0.02 .+ 0.14 0.06 .+ 0.31 0 0.04 .+ 0.20 0.06 .+ 0.24 0.08 .+ 0.57 0 
PercafluviatiIis 0.22 -+ 0.54 0.12 .+ 0.39 0.08 -+ 0.34 0 0.12 + 0.44 0.16 .+ 0.42 0.12 .+ 0.33 0.68 .+ 1.25 
RutilusrutiIus 9.58_+ 11.98 0.70_+ 1.31 0.52_+ 1,18 0.76_+ 1.30 1.04+2.06 0.54_+ 1,11 0.86_+ 1.18 1.40_+2.35 
others 0.03_+ 0.17 0 0 0 0 0.02_+0.14 0.02_+0.14 0.40-+0.83 
Total 10.00_+ 12.10 0.84-+ 1.58 0,66-+ 1,41 0.76_+ 1.30 1.20_+2.23 0.78_+ 1.31 1.08_+ 1.45 2.48_+3.54 
Total 1+ 14.39 .+ 17.98 1.30 .+ 2.72 0,98 .+ 1,78 1.24 .+ 1.86 1.64 +_ 2.98 0.82 .+ 1.40 1.14 _+ 1.47 2.82 + 4.07 
~) Values are means _+ SD. 
2) Classification of ecological groups according to SCHIEMER & WAIDBACHER (1992). 
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Fish length comparisons using 1-way ANOVA followed by the 
Tukey test (homoscedasticity) or by Dunnett's T3 test (heteroscedas- 
ticity) comprised 0+ and 1+ juveniles, respectively. However, as 
abundance of 0+ juveniles was very low, multiple length compar- 
isons of the different species could not be performed among single 
mesohabitats. Instead, for each fish species total lengths in all meso- 
habitats were pooled. Then, lengths of the most abundant rheophilic 
species were compared to each other. For 1+ juveniles, fish lengths 
were compared between groyne-heads and groyne-dependent struc- 
tures, i.e. the mesohabitats deep groyne DG, sandy groyne SG and 
the more natural channel margin mesohabitat sandy river bank SR. 
Calculations and plots were performed with the SPSS software pack- 
age (SPSS Inc., 1999, release 9.0). Statistical tests were evaluated at 
the 95 % level of confidence. 
Results 
In total, 353 samples, 18 species and 1321 fish were collected 
during the study. The catch comprised 329 0+ and 992 1+ ju- 
venile fish. The progeny of rheophilic species accounted for 
27.4% of 0+ and for 25.1% of 1+ juveniles. Sampling on the 
groyne-heads produced a large majority of 1+ specimens 
compared to a very low number of 0+ specimens (Tables 2, 3). 
0+ juveniles 
With regard to the total catch of 0+ juveniles, analysis of vari- 
ance revealed significant differences in the mean number of 
specimens per sample between the mesohabitats under study. 
Yet, differences between groyne-heads and the other meso- 
habitats were not significant (Table 4). 
As to the rheophilic group, significant differences in the 
mean number of 0+ juveniles per sampling point were found 
between the groyne-heads and mesohabitats characterised by 
the absence of current or by very low current velocities: 
riprap, deep groyne, side-canal, connected backwater and 
polder waterbody (Table 4). All 0+ juveniles captured on 
groyne-heads were assigned to the rheophilic group. 0+ speci- 
mens of rheophilic stone loach, a species considered as vul- 
nerable both in the land of Brandenburg (BR~MICK et al. 
1998) and in the Federal Republic of Germany (BLESS et al. 
1994), were encountered exclusively in this mesohabitat. 
Table 4. P-values of the multiple comparison tests on the mean number of both 0+ and 1+ juvenile fish per sampling point between all inves- 
tigated mesohabitats. Results are given for the total catch and the rheophilic group, respectively (abbreviations ofmesohabitats a in Fig. 1). 
mesohabitat 
0+ juveniles RR SG SR DG SC CB PW 
GH total catch n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
rheophilic group 0.008 n.s. n.s 0.004 0.016 0.008 0.002 
RR total catch 0.001 n.s. n.s. n.s. n.s. n.s. 
rheophilic group 0.0l n.s. n.s. n.s. n.s. n.s. 
SG total catch n.s. n.s. n.s. 0.001 n.s. 
rheophilic group n.s. 0.001 0.001 0.001 0.001 
SR total catch n.s. n.s. n.s. n.s. 
rheophilic group n.s. n.s. n.s. n.s. 
DG total catch n.s, 0.043 n.s. 
rheophilic group n.s. n.s. n.s. 
S C total catch n.s. n.s. 
rheophilic group n.s. n.s. 
CB total catch 0.033 
rheophilic group n.s. 
1+ juveniles 
GH total catch 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
rheophilic group 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
RR total catch n.s. n.s. n.s. n.s. n.s. n.s. 
rheophilic group n.s. n.s. n.s. n.s. n.s. n.s. 
SG total catch n.s. n.s. n.s. n.s. 0.049 
rheophilic group n.s. n.s. n.s. n.s. n.s. 
SR total catch n.s. n.s. n.s. n.s. 
rheophilic group n.s. n.s. n.s. n.s. 
DG total catch n.s. n.s. n.s. 
rheophilic group n.s. n.s. n.s. 
SC total catch n.s. 0.029 
rheophilic group n.s. n.s. 
CB total catch n.s. 
rheophilic group n.s. 
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Note, however, that the CPUE of rheophilic 0+ juveniles was 
highest in the mesohabitat sandy groyne, followed by the sandy 
river bank, where ide Leuciscus idus was the most abundant 
species, respectively (Table 2). 
Fish length comparisons between species revealed the fol- 
lowing homogenous subgroups: tone loach, dace Leuciscus leu- 
ciscus and ide were significantly bigger than chub Leuciscus 
cephalus and gudgeon Gobio gobio, whereas burbot, which was 
encountered only on groyne-heads, had a significantly larger 
size than all other species. Their total lengths are presented as 
boxplots in Fig. 2a. 
1+ juveniles 
During the present study, a greater number of 1+ juveniles was 
captured on groyne-heads than in all other sampling sites com- 
bined (Table 3). Significant differences in the mean number of 
1+ individuals per sample were found between the groyne-heads 
and all other mesohabitats for the total catch and the rheophilic 
22 Limnologica 31 (2001) 1 
(a) 
(b) 
GH 
SG 
offshore 
inshore 
Fig. 2. Boxplots of total length of 0+ juveniles 
of the most frequently encountered rheophilic 
species in July 1998 (a). Boxplots of total ength 
of 1+ juveniles of the most frequently encoun- 
tered reophilic species and of the numerically 
dominant eurytopic roach captured in the meso- 
habitats groyne-head GH, sandy groyne SG, 
deep groyne DG and sandy river bank SR (b). 
Horizontal bars are medians of total length, 
boxes encompass the 25 th and the 75 th per- 
centiles, whiskers represent 90% of the observa- 
tions, dots are outliers. 
group, respectively (Table 4). CPUE on groyne-heads was high- 
est for rheophilic hub, followed by dace and ide (Table 3). Dace 
was exclusively encountered in this mesohabitat. 
Juvenile 1+ chub captured on groyne-heads were significant- 
ly bigger than those sampled in the sandy groyne and on the 
sandy river bank. However, significant differences in fish length 
between specimens collected on groyne-heads and in the meso- 
habitats sandy groyne, deep groyne and and sandy river bank 
were found neither for rheophilic ide, nor for eurytopic roach. 
Boxplots of total length for the numerically dominant 1+ juve- 
niles are presented inFig. 2b. 
Discussion 
From our study it is evident hat the question whether groyne- 
heads may function as an alternative habitat for young 
rheophilic fish has to be discussed separately for 0+ and 1+ 
specimens. Two main results emerge from our investigation: 
1. Although the mean number of 0+ specimens per sampling 
point was generally very low, the CPUE of rheophilic 0+ 
juveniles on groyne-heads proved to be relatively high 
compared to the majority of investigated habitats. 
2. Groyne-heads are populated by rheophilic juvenile 1+ 
fish, yet eurytopic 1+ specimens were more abundant in 
this mesohabitat. 
0+ juveniles 
Our data suggest hat groyne-heads constitute a potential 
habitat for rheophilic 0+ juveniles, however, as this type of 
habitat is subject o a wide variability in both time and space, 
its use has two main limitations. In the first place, groyne- 
heads characterised by shallow water depths combined with 
moderate to high current velocities are restricted to an area of 
1-2 m 2 each and likewise, the gradient of water currents is 
confined to a very small area. Second, in the Lower Oder the 
outlined conditions are limited to periods of low flow. As a 
corollary, temporal variability in streamflow affects the avail- 
ability of groyne-heads with the mentioned properties. Conse- 
quently, the inherent stochasticity is likely to influence the 
colonisation of groyne-heads byrheophilic 0+ juveniles. With 
increasing body size, rheophilic 0+ fish are known to migrate 
from sheltered inshore habitats, where current velocity is zero 
or only very low, to adjacent shallow areas such as gravel 
banks (SCHIEMER ~; SPINDLER 1989; RINCON et al. 1992; 
FREYnOE 1996; BARAS & NINDABA 1999; BISCHOFF & FREY- 
HOF 1999). However, at water levels turning groyne-heads of
the Lower Oder into shallow zones, these areas are no longer 
in close proximity to the inshore habitats. Hence, if such con- 
ditions occur in early summer, groyne-heads o not provide 
the necessary ecological gradient o meet the demands of 
rheophilic 0+ fish, with regard to current, in the course of their 
development (see SCHIENER & SPINDLER 1989). The impor- 
tance of this gradient is emphasised by the high CPUE of 
rheophilic 0+ cyprinids in the shallow-sloped sandy groyne 
both in 1997 (BISCHOFF & WOLI"ER 2001) and 1998 (this 
study). Yet, a habitat shift from inshore zones to groyne-heads 
might be more probable if low flow conditions coincide with 
the developmental period when the 0+ fish have become more 
proficient swimmers. In this context it is important to note 
that even if the water velocities of available habitats do not 
exceed the maximum sustainable swimming speed of 0+ fish, 
they might not fit in the range of currents which allow fish to 
feed and obtain an energetic gain for growth (FLoPm & KECK- 
EIS 1998). Indeed, these authors provided evidence that maxi- 
mum sustainable water velocity of 0+ nase Chondrostoma 
nasus, a rheophilic yprinid, was significantly higher than the 
velocity at which the energy balance became negative. The 
low number of juvenile 0+ cyprinids on groyne-heads can 
possibly be connected with these phenomena. 
During our study, 0+ burbot and stone loach, two bottom- 
oriented species, were most frequently encountered on 
groyne-heads. Morphological adaptations such as the stream- 
lining and the flattening of body shapes, are characteristic of
bottom-dwelling organisms in streams and these features 
may favour the colonisation of groyne-heads by the men- 
tioned benthic species. In fact, FLORE & KECKETS (1998) pos- 
tulated that the shape of the fish body might be more relevant 
with respect to sustainable water current han species-specif- 
ic life history patterns. Moreover, stone loach is known to ex- 
hibit preference for relatively high velocities (CoPP 1992a; 
ZWEIMr)LLER 1995). Virtually nothing is known about the 
habitat preferences of 0+ burbot. However, both its body 
shape and, given that swimming ability is a function of length 
(SABO ~x; ORTH 1984; WEBB & WEIHS 1986; MANN & BASS 
1997; FLORE & KECKEIS 1998), its large size in early summer 
suggest hat this species is likely to cope with the variable 
conditions of current velocity on groyne-heads. Further, it is 
possible that not only current velocity, but also the substrate 
type might play an important role in the colonisation of 
groyne-heads by rheophilic 0+ juveniles. Adult burbot were 
often observed using the hollow space between the basaltic 
blocks of the river embankments (WOLTER • BISCHOFF, un- 
published ata) and the coarse substrate of the groyne-heads 
might have a similar function for 0+ burbot. Juvenile stone 
loach exhibited a preference for riffle habitats characterised 
by coarse substrata in the River Sieg (FREYHOF 1998). Fur- 
thermore, ZWEIMULLER (1990) showed that feeding success 
of 0+ stone loach was negatively affected by fine sized sub- 
strate. However, evidence on preference of groyne-heads by 
burbot or stone loach cannot be derived from our data, first, 
because additional data on the use of this habitat-type are 
needed and second, because habitat use does not necessarily 
reflect preference (AADLAND 1993). 
As 0+ fish are known to exhibit diel shifts in habitat use 
(BISCHOFF & SCHOLTEN 1996; COPP ~; JURAJDA 1993, 1999; 
BARAS & NINDABA 1999) it cannot be ruled out that the 
colonisation of a particular mesohabitat during day might 
have differed from its use during night. However, we suppose 
that abundance of 0+ juveniles was generally very low during 
this study, most probably due to an exceptionally high preda- 
tion pressure. In 1998, water levels were extremely low 
throughout spring and hence, riparian vegetation fell dry very 
early in the year. Macrophytes were not flooded again until 
autumn, yet these represent essential refuges from predation 
for fish (KILLGORE et al. 1989; CoPP 1992b). Thus, the 1998 
0+ year-class was presumably reduced by potential predators 
such as 1+ perch Perca fluviatilis and 1+ chub, which are 
known to exert a strong predation pressure on 0+ fish (BARAS 
& NINDABA 1999; COPP & JURAJDA 1999). Moreover, the high 
abundances of 0+ juveniles in different mesohabitats in 1997 
(BISCHOFF ~: WOLTER 2001), when sufficient macrophyte 
cover was available, substantiate his interpretation. 
1+ juveniles 
The present findings suggest hat groyne-heads can be con- 
sidered as important habitats for 1 + fish, since these artificial 
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structures had by far the highest CPUE not only of eurytopic 
but also of rheophilic 1+ juveniles. Furthermore, four out of 
six species of the latter ecological group were captured exclu- 
sively on groyne-heads. Similarly, investigations on the adult 
fish community (WOLTEk & BISCHOFF, in prep.) revealed the 
rarity of rheophilic 1+ specimens in channel margin habitats, 
where eurytopic 1+ juveniles were most abundant. The over- 
all dominance of eurytopic species has been previously re- 
ported from the study area (TRZEBIATOWSKI 1999; WOLTEa et 
al. 1999; B~SCHOFF & WOLrER 2001) and is probably due to a 
lack of both adequate spawning rounds for rheophilic fish 
and suitable nursery habitats for their progeny. 
Principally, 1+ juveniles colonising royne-heads are sub- 
ject to similar limitations as 0+ juveniles, inasmuch as they 
have to cope with the same spatial and temporal variability in 
streamflow and thus habitat availability. It can be hypothe- 
sised that the limited size of groyne-heads might affect he 1 + 
community in terms of inter- or intraspecific ompetition, 
yet, evidence for these phenomena cannot be derived from 
the present study. Daily activity and seasonal home range are 
known to increase with fish size (see BARAS & NINDABA 
1999) and this may explain the higher abundance of 1+ com- 
pared to 0+ juveniles on groyne-heads. Furthermore, given 
their larger body size, there are probably less constraints on 
1+ specimens using this mesohabitat than on 0+ fish. Over 
the past decade, a considerable number of studies dealt with 
the swimming capabilities of 0+ fish (e.g. KAUFMANN c% 
WIESER 1992; LIGHTFOOD • JONES 1996; MANN & BASS 
1997), however, not much information is available on the 
critical water velocities for 1 + juveniles. Similarly, the influ- 
ence of feeding activity on the range of water currents tolerat- 
ed by 1+ specimens, as shown for 0+ nase (FLORE & KECKEIS 
1998), cannot yet be evaluated. Nevertheless, we presume 
that body size and hence, swimming capability, plays a minor 
role with regard to the colonisation of groyne-heads by 1 + ju- 
veniles. This assumption is corroborated by the length com- 
parisons of our study: although rheophilic 1+ chub encoun- 
tered on groyne-heads was significantly longer than speci- 
mens captured in the sandy groyne and on the sandy river 
bank, neither rheophilic ide nor eurytopic roach exhibited 
significant differences in total length between the groyne- 
heads and the investigated inshore mesohabitats. 
It has been widely accepted that shallow areas provide 
refuge from predation for the progeny of rheophilic fish 
(CoPP 1992b; EKLOV et al. 1994), thus in the study area, 
groyne-heads might have a similar function for rheophilic 1 + 
juveniles. Although not quantified, numerous events of pre- 
dation threat by adult asp Aspius aspius, pike Esox lucius and 
pikeperch Sander lucioperca were observed in the deeper 
water just behind groyne-heads, uggesting that predation 
risk may indeed affect he habitat use of 1+ fish. 
Another biotic factor influencing the settlement of 
rheophilic 1+ juveniles in the offshore groyne-heads might be 
the availability of prey, generally considered as a major deter- 
minant of community structure (MARK et al. 1989). Habitats 
characterised by current velocities and coarse substrata usu- 
ally harbour massive densities of bottom-dwelling and drift- 
ing benthic organisms (LISTER & GENOE 1970; BISCHOFF ~% 
FREYHOF 1999), thus guaranteeing a high quantity of avail- 
able food. This might especially be beneficial for dace, a 
species predominantly feeding on drifting prey (MANN 
1974). However, the significance of prey availability for 
rheophilic 1+ juveniles on groyne-heads cannot yet be as- 
sessed and must await more detailed, quantitative studies of 
the factors involved. 
Conclusions 
Based on the results of our previous studies (BIsCHOFF & 
WOLTE~ 2001), the hypothesis that groyne-heads serve as a 
substitute habitat for young rheophilic fish was initially stat- 
ed with respect o the 0+ community. From our data we con- 
clude that this statement may be valid under low flow condi- 
tions occurring in late summer. However, due to the low 
abundance of 0+ juveniles, the possible implications for this 
year-class cannot be entirely judged. Regarding rheophilic 1 + 
juveniles, little information is yet available on their habitat 
choice both in regulated and more natural rivers, because to 
date most investigations addressed either adult or 0+ fish. 
Therefore, the use of term 'potential habitat' seems to be 
more appropriate than 'substitute habitat' to describe the sig- 
nificance of groyne-heads for 1 + juveniles. Regardless of ter- 
minology, in the German part of the Polish-German-National 
Park, these artificial structures must be considered as impor- 
tant for some juvenile rheophilic fish such as dace. Future 
studies hould focus on the availability of this habitat-type at
different water levels and on comparisons with more natural 
mesohabitats. 
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